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to this methodological challenge, Cory 
Miller and Yale Cohen suggest that we 
can glean how nonhuman primates 
perceive communication sounds if we 
(as is often done with humans) consider 
these sounds as auditory ‘objects’ that 
the animals have an ongoing need to 
categorize and to segregate from other 
sound objects, so as to expedite and 
stabilize their perception in natural 
settings.
Within the pages of the book, 
there are many other glimmers of 
hope for an enduring relationship of 
primate neuroscience and ethology 
that will leave many readers wanting 
to keep the volume on their shelves 
for some time to come. The chapter 
by Herbert Gintis is an ambitious 
and exciting suggestion that game 
theory can be used to quantify, not 
only human social decisions, but to 
also provide a foundation to bridge 
all of behavioral neuroscience. The 
unavoidable differences seen from 
using the comparative neuroanatomical 
approach, as Jon Kaas notes, hint 
at how much insight functional 
neuroethology can gain upon a strong 
comparative neuroanatomical basis 
and how much we risk losing if we 
are limited to a few ‘model’ primate 
species for study. Taking this point to 
heart, William Hopkins reviews tool-
using behavior in a variety of primate 
species both in the wild and in captivity. 
Hopkins’ review is grounded in links 
between naturalistic observations 
and comparative neuroanatomical 
data from all of the major primate 
lines. Dario Maestripieri echoes this 
sentiment, heralding both anatomical 
and functional brain imaging as the 
way to, “…acquire a great deal of 
new information about the evolution 
of social and cognitive complexity 
observed in the Primate Order and the 
brain mechanisms that support it.”
In Primate Neuroethology, we are 
delighted to see that neuroscience and 
ethology are immersed in conversation, 
like lovers at a restaurant side table. 
The courtship has been effortful, and a 
lasting relationship is not going to be 
less so. But, it also seems like a great 
time to tell their respective mothers, 
science and nature, that marriage 
seems to be on the horizon. 
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experience at Hamilton, but my last 
year I was fortunate to work with 
an inspiring adjunct Biochemistry 
Professor, Donna Brown. I barely 
had a clue about what I was doing, 
but discovered the joy of pipeting 
colorless liquids from tube to tube. 
After graduating I joined the muscle 
biochemistry lab of Sarah Hitchcock-
DeGregori and worked for two 
years as a research assistant. This 
experience built my confidence and 
was the genesis of my interest in the 
cytoskeleton. In graduate school I 
found that cytoskeletal dynamics 
inside cells were even more cool. So 
by the time I chose my postdoc I was 
tuning in, and found the question of 
mitosis and the experimental system 
of Xenopus laevis egg extract that 
totally turned me on. 
What is it about Xenopus? 
Xenopus egg extract is the only 
system to reconstitute cellular 
events, like the cell cycle and many 
of its accompanying morphological 
changes, in vitro. There is no gene 
regulation involved, and it is all about 
self-organization, the liberating 
concept I learned about from Eric 
Karsenti. The intrinsic properties of 
dynamic microtubules and many 
other factors drive the formation of a 
bipolar spindle. With egg extract we 
can watch stuff happen, deplete or 
add specific components, and figure 
out biochemical interactions. The 
ability to visualize and even physically 
manipulate spindles in this system 
allows your imagination to run wild. 
Xenopus also turns out to be a 
great system to understand intrinsic 
mechanisms that regulate the size 
of intracellular structures. Richard 
Harland’s lab at Berkeley introduced 
us to a second frog species, called 
Xenopus tropicalis, that are smaller 
than Xenopus laevis and lay smaller 
eggs. We were very excited to find 
that scaling extends to the size of 
intracellular structures, including 
the mitotic spindle and interphase 
nucleus, which are smaller in X. 
tropicalis, and these size differences 
can be reproduced in egg extracts. 
Again it is all about intrinsic 
mechanisms of self-organization, 
as there is no constraining cell 
membrane. We’ve made progress 
identifying molecular differences that 
underlie interspecies scaling of the 
nucleus and the spindle in Xenopus, 
and I find it incredibly exciting. 
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What turned you on to biology in 
the first place? There was never 
any huge revelation, just a gradual 
discovery of what really interests 
me, and the realization that I could 
actually succeed at research. The 
early years were more a process 
of elimination. I loved math in high 
school, but in college I quickly learned 
that my intellectual limit was two 
variables. I loved to read books, but 
could barely make it through literature 
courses because I hated writing 
papers and procrastinated horribly, 
making that option too stressful. 
I loved animals, but that meant I 
could not bear to dissect a cat in a 
required course for Biology majors. I 
was interested in molecules, but not 
very good at Physics, so by default 
I majored in Chemistry. My father 
was a Chemistry Professor at Thiel 
College, and I liked the smell of his 
building and the sense of experiments 
going on. So it was a comfortable 
choice; I wish I remembered more. 
I did not gain much research 
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In addition, we are using the frog 
system to study size changes that 
occur during early development by 
preparing extracts from embryos at 
different stages. The fertilized egg 
is 1 mm in diameter in X. laevis, and 
undergoes rapid cleavages without 
growth so that the first ~4000 cells 
of the embryo are generated with 
minimal transcription or translation. 
I believe Xenopus will allow us to 
crack fundamental questions of how 
organelle size is determined. 
What are the limitations to the 
system? Some of the limitations are 
technical. Egg and embryo extract 
approaches are not for the faint-
hearted. Months can go by when the 
system doesn’t work quite right and 
this can be incredibly frustrating. Also, 
there is the inevitable question: “But 
is this how it works in real cells?” As 
we identify organelle scaling factors 
in Xenopus, the plan is to test whether 
these mechanisms also operate in 
mammalian somatic systems. Many 
human diseases are associated 
with defects in cellular scaling. For 
example, the nucleus is enlarged 
and misshapen in many cancer cells. 
With some luck, the discoveries we 
make in Xenopus could lead to a 
greater understanding of diseases 
such as cancer. Every system has 
its advantages and disadvantages, 
and I am a strong proponent of the 
view that basic research as an open-
minded exploration of the unknown 
in any system — even goo extracted 
from frog eggs — can be the key that 
leads to profound discoveries. 
Who are your heroes? I am very 
proud of my scientific lineage, from 
Marc Kirschner and Tim Mitchison 
to Andrew Murray, Tony Hyman and 
many of my contemporaries who 
trained in their laboratories. But my 
biggest heroes are my colleagues. 
I am impressed on a daily basis 
by people in my lab and in my 
department, at my University, and in 
the broader cell biology community. I 
rely on my fellow faculty at Berkeley 
for inspiration and support, and all 
kinds of practical help, and they have 
never let me down. I was fortunate to 
start my lab at around the same time 
as my neighbors, Matt Welch and 
Karsten Weis, and we have always 
been close friends. It is the collective 
efforts of students and postdocs in my 
group, and our collaborators, that lead 
to the fascinating discoveries and the 
progress that we’ve made.
As an avid cyclist, I also have 
bicycle heroes. My favorite 
professional cyclist right now is Fabian 
Cancellara, who just won the Tour of 
Flanders and Paris-Roubaix. My own 
private bicycle hero is my husband 
Steve Hill, who inspires me to travel 
and have a life outside of the lab.
Any advice for young cell 
biologists? You’d think after running a 
lab for over 10 years that I might have 
it all worked out, but I still struggle 
getting papers published and grants 
funded, and teaching effectively. It 
has helped me a lot to talk with my 
peers about how they approach these 
challenges, and throughout my career 
the best advice has come from my 
contemporaries, rather than from more 
senior colleagues. Maybe it is not 
advice so much as just talking about 
difficult decisions or shared anxieties. 
It is low budget therapy that only costs 
as much as lunch or a couple of beers.
Although a career in science always 
seems to be a struggle, I find it pays to 
be nice. Remember that life continues 
to be like second grade, with some 
kids unwilling to share their toys and 
deliberately picking on one another. 
Instead of embracing the model in 
which no one takes you seriously 
if you aren’t a hyper-competitive 
a**hole, I find the scientific world 
is a much sweeter place if you are 
generous and friendly. Believe it or 
not, scientific rigor does not mandate 
nasty comments in reviews of grants 
and manuscripts. A big benefit of 
open interaction is that it inspires 
collaboration, which helps overcome 
limitations, whether it simply involves a 
reagent, an approach, or even a way of 
thinking that does not come naturally 
to you, but enhances the impact of 
what can be learned. 
And this is the key to thinking big. 
Fantasize about what you want to 
discover, and the different methods 
you could apply (or develop!) to get 
there, and who you could talk to and 
collaborate with to make it happen. 
No matter what hell you have to go 
through to get your project funded 
and published, it will be rewarding 
nevertheless.
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Phytochromes
Peter H. Quail
What are the phytochromes? The 
phytochromes (phys) are a superfamily 
of sensory photoreceptors. They 
were discovered in plants over half 
a century ago, but the era of whole-
genome sequencing revealed that 
phy-related sequences are also widely 
dispersed across the microbial world 
(mainly cyanobacteria and eubacteria, 
as well as some filamentous fungi). 
The canonical phy molecule is a 
soluble dimer of chromoprotein 
subunits, each of which consists 
of a polypeptide with a single, 
covalently-linked bilin (tetrapyrrole) 
chromophore, which is responsible 
for light perception (Figure 1A). 
Each polypeptide folds into two 
major domains: an amino-terminal 
sensory domain which cradles the 
chromophore, and a carboxy-terminal 
‘output’ or ‘regulatory’ domain. Each 
domain in turn contains subdomains 
in various combinations, identified 
by sequence similarity to several 
known structural and/or functional 
domains (Figure 1A). The core sensory 
domain typically consists of a PAS, 
GAF and PHY subdomain, with an 
additional variable amino-terminal 
extension in certain phys. The 
carboxy-terminal domain typically 
contains a subdomain related to those 
found in two-component histidine 
kinases (HKRD), with two additional 
upstream PAS domains in the plant 
phys. Recent crystallographic and 
solution NMR studies of the sensory 
domain of bacterial phys have begun 
to provide beautiful images of the 
three-dimensional structure of the 
photoreceptor molecule.
What are the biological functions 
of the phys? In the most general 
sense, the function of the phys is 
to monitor information from the 
environment in the form of light 
signals and direct responses in the 
organism appropriate to the prevailing 
conditions. More specifically, the 
phys constantly monitor multiple 
physical parameters of the impinging 
light signals (including presence/
absence, color (wavelength), intensity 
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